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CONFIGURATION FOR THE WNR DATA ACQUISITION SYSTEM
FOR NEUTRON MEASUREMENTS
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D. E. McMillan, L. B. Miller and R. V. Poore

Los Alamos National Laboratory gy

) «f O

and D. R. Machen

Scientific Systems International

Abstract

The configuration for a new data acquisition
syatem for the Weapons Neutron Research Facility at
the lLos Alamos National Laboratory is introduced. The
system utilizes a FASTBUS front-end for real-time data
collection and DEC computers for the experiment con-
trol and analyais, A local area network is used
extensively within the overall system.

Introduction

In recent years the Weapons Neutron Research
(WNR) facility haa developed into one of the nation's
principal neutron scattering centers for nuclear
phynica and condenned mntter measurements. Neutron
flur 1intenajtien and pulse characterfistics will be
subntanti{ally enhanced when the Proton Storage Ring
(I"R), which circulated firast beam this spring, be-
comea fully operational in the fall. Flux intenaities
are  generanlly expected to increase by a factor of
approximately 240, thua rendering the present data
acquiafition aystem Inadequate. The PSR repetition
rate  may be adjuated na low as 12 pulses per second
withont saerificing average intenaity. With thin
eapahility new measurementa using slow neutrons are
practical  and  may  increase memory requirementa for
datn ntorage up to an ovder of magnitude over that now
employed . Uning the current facility repetition rate,
theae nalow neutrons arrive at the detector after the
start of the next burat of neutrons (frame overlinp)
thun creating ambiguity, Becaune of growth in Lhe
meanurement s program, it ia  further deosired to in-
creane  the numbher of  insatruments served by the new
ayntem to a doren.

From thene neutron aource chavactsrinticn, from
the ntrengthn and weaknensen of' our preaent ayntem an

wnll an  thone At other aboratorien, and frem the
nvallability of high pertormance com  ter and com-
minteat fon  equipment.  at reanonable cont ., five banice
prtdelinean far our new nynatem avolved, 1) Hervier ench

fnatrument. with  fta own dedicated ayntem. ') Dupport
ranl-time  datn acqguinition in  dedicat~d  hardwnre
ot nbde  Lhe general purpons computer anvironment., 1)
Link the {natiusent ayntem together loonely with a
loeal  area network . W) Include within the network a
more  powertful  compater o oserve dataveduct fon and

nnalyrin reedn and  overnes  datn  archiving. )
Motutnrize bLoath  aotbtware  and hardware to snable the
hroadent  une of modulen in support of diveraes Inatru-

ment.n and experimentna,

Upon  esxamining optionn avatlable in the computer
markel ,  the preferencen  of  uaern, and noftware and
honrdware from other fnntaliationa that might ba fncore-
porated  within our ayntem, a nolulicon baned on DEC
rqulpment wns dictated,  To handle the satimated count
raten which, Uime averaged, may reach 1 Miz and {n-
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stantaneously reach U5 MHz, our design required the
speed and flexibility afrforded by FASTBUS[1). This
paper introduces the factors which motivated our
design, the resulting data acquisitior configuration,
and the current status of the work. Discussion begina

with the system wide perspective and proceeds toward
the FASTBUS hardware at the detector interface.
Network
At the highest level of generalization, our

sysbem way be viewed am A network which links a rela-

tively powerful central host aystem to a set of less
complex front-end systems, each dedicated to data
acquintition for a aingle neutron ascattering
inatrument. The network, shown schematically 1in

Figure 1, provides the hardware communication path and
aoftware control for the data tranaport from the
front.-end systemsa to the central data archive, an well
an for the flow of software modules in the opposite
direction., Aa the ataffing support for the project in
eatablished at a minimum level, we prefer to buy
commercial products whenever poasible, Thus, the
network 1a necessarily conaldered to be an ¢ (-the-
shelfl item.

At thia time the network in largely {n place,
The local area network linking our myntema together is
an Fthernet!. aystem conafnting of both fiher optic and
roax mections. The coax arctiona are used within a

NETWORK CONFIGURATION
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Figures 1, NDlock dlagram for the maj.r ayntem om-
ponsnt.a  of the WNR local area network, No
attempt 1A made o dintingulah betwsen the
cabla and  Cibher optie poartiona,  The honat
artn un n gateway to the laboratory wide

network, XNET,
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single building and the fiber optic sections are used
for geographically isolated tuildings and sites where
differing grounda may pose problems. Presently, the

fiber optic portion is installed between six
building. It links together two VAX 11/750 computers
and one microVAX I computer. A connection to the

laboratory wide broadband network is provided through
one VAX 11/750 system. We still are in the develop-
ment  phase of the project so the new systems and the
coax Joining them do not yet exiat. Software control
is provided with DECNET., Should performance issues
arise {n the shipment of large data files, some work
to ndapt a locally defined protocol to the existing
drivers would be acceptable at some point in the
future.

Print. servers and terminal aervers will be con-
nected to the network and will provide network
renources not associated with any particular computer
system. Two terminal servers are currently on order.

Host System

The central host system is designed tou provide
added capability for the experimental program in three
major areas: data archive munagement, data reduction
and anciysis where extensive numeric calculations may
be {nvolved, and software development and maintenance
support.. This aystem will have no real-time data
acquiaition role and is {ntended primarily to support
exporiments which have been completed, in contrast
with those in progresa. The central host system will
be a VAX 8600 clas: machine.

After data collection, data obtained with the
front-end aystem will automaticaily be forwarded to
the  host syatem where {t is archived and retained on-
1ine for the duration of the run cycle., Not lesa than
10 Gigabyten of disk atorage is envisioned for thi'n
ayntem, Fowerful color graphieca terminala supported
with DMA  accrena will be provided to asmint with data
Interpretation and analyasis. Through the laboratory
networi (XHET), 1t will be posaible to accenn powerful
computing  reaourcen with Craya, 7600a, ete.,, an well
an sxot {e peripheralas such  an  high  napeed  laner
printern and photo-plottera. More routine peripheraln
1tke mavnetic tape drivea will be available locally
for avchive, backup, and data export functionn

Preasntly,  the hont §a an overloaded VAX Y1/750,
However ,  much of the hont functionality in preaent in
thin ayatem inecluding connection  to the Iaboratory
network  and  a ningle rolor geaphicna teemincl,  Dink
mMorage  capncity  In Iimited Lo 1 Gigabyte at thip
time.  To sxtend thin nyntem to the deatred configurn-
tion requiren a atgnificant. amount »f funding.

At thin writing a recond VAX 11/750 ded{cated to
aoftware and bnvdware development and maintenance hag
been added to the local ares network, Wit le
originally perenfved nn ar intagral component of a
afngle hont computer ayntem, (he neparation of many of
the maintenance anpecta ol ayatem  support to thin
computer  will 1lkely prove highly beneficial over tLhe
Ttelime of the data acquinitior syatem,

Front-end tiyntems

Fach Iront -snd nyntem eaxintn to arrvice the needa
ol A nhgle nentron neattaring fuatrument.,  Although
ench computer will Jikely have aufficient resourcen to
Aerrvice aevaral  anperimenta, this appronoh snemn
undine At prenent ayntem conta in view of the yiak of
alnaruptive unor  tntevaction. Thewe extre CPU cyclen
ahould  be  pegarded an A resource avntliahle to the
exparimenter which, for example, may allow him to

determine the health of the experiment via some
detailed on-line analysis. Other experiments may be
a)le to finish data collection and at the same time be
tinished with data reduction and analyais,

Powerful as it may be, the front-end computer is
incapable of handling the expected worst case data
rates from the detector arrays. Scaling current WNR
counting rates to the expected PSR levels indicates
that burat rates of U5 MHz for a period of 10 us early
in the neutron pulse are possible. Of course these
count rates drop at later tiwmes in the pulse finally
reaching an average count rate of 1 Miz for the worst
cane. Additional requirements that dead-time correc-
tions not exceed 0.5% and constant dead-time be
enforced (drop all data from a neutron burst if any
event cannot be processed within a user defined fixed
time {interval) force &n implementation with custom
hardware for buffering events as they arrive from the
detector. In our judgement 1t §s reasonable to com-
plete the data capture process, including data
compaction and histogramming, in hardware and dedicatn
the computer to control and analysais tasks. This

hardware 1s desc: ibed at 1longih in the following
section.
Development of these front-end computer taaks is

extremely software intennive and has been the focus of
considerable erfort over the past year. Aa the aub-
ject of other papers!2,31, the main data acquisition

taska are listed below as background for the hardware
requi ;ements, They inclnde cunfiguration initial{zn-
tion, instrument control, data collection, data

cataloging, automatic run sequencing, and graphics for
monitoring the health of the experiment and data
analysis.

Te basic hardware configuration for each front-
end 1s shown {in Figure 2. An delivered ench
microVAX 11 will he contained within a 5.70" rack
mount.  chaasia which includen 2 Megabytes of moaory, o
Tt Megabyte hard disk, a 9 Megabyte ecartridgo tape, U
aerinl  porta, end an Fthernet {nterface. We ane
ticipate that In the future {t will be necennary ‘o
upprade  thia disk to increane the local ntorage .
capacity to at least 170 Megabytes. At the completlion
of  ench run, control information and datn arlected by
the experimentar will be writuen Lo the local dink in
a generalized and flexible format, Thene ({len may he
an large an L Megabytes, mo even large loeal dinkn
conld be  filled quickly. Local atorage {a mandatory
aince  reliable operation of the network  and Honst
nynten nshould not be taken for pranted, AL a mini{mum,
loral  ntorage capacity for filen created during a rny
of  running  In  requi.ed, Should  the network /hont,
remnin  unavallable, the lo~al enrtridge tape could be
uaed  to make copiem  of all data from the preceding
LY Normally, the oaartridge tape {a renevved for
11ak backup operationna,

\

Sinee  the dabta obiained with Lhe front-rnd nyn.
temn  can be mubtie and complex, high renslution entor
graphien, will be Included here an well an on the more
power ful hont nyntem, ™in  graphica  ceapability
etinhlen rapid  fnapection  of the quality of the datna
and  allown In near-time An  experimenter to nelen
meanurementn that  make bhert une  of hin bheam time,
Inttinlly, a combined command/graphicn terminal will
pravide  aexpsrim nt, control and  data monitoring
anpabiltity, Later a necomd high reaclution dedicated
graphicn terminal with codor and a paralisl DMA Inter-
face will be added.

vegintear dedven  1/0 Anterface for a
crate will he Ineluded on the front -end
no preast aanlera for FANTIMIN nyatenn

A nimple
ayatoem
Hnoe

CAMAC
aynt.am,
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FRONT-END CONFIGURATION
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Figure 2. Rlock diagram for the

front-end

syatem. Contents of the FASTBUS ang CAMAC

cratea depends on the instrument and/or the experiment,

avallable at thia time, existing

ncalers will he used in the CAMAC
environment., likewlne, motor control interfaces and
monitoring equi pment distributed throughout the
farility on various CAMAC serial highway aystema will
cont.imus  in use with a serial driver located in the
ayatem crate,

are commercially
acaler  and  prennst

An delivered,  our current  prototype front-end
ayntem connlnta of n microVAX 1T CPU with 1 Megabyte of
memory,  n 31 Mesabyte hard dink, two H00 Khyte [loppy
driven, a four-port. acrrinl interface, and an Fthernet
interface, Wo  hnse  ndded a reginter 1/0 interface,
Mod sl W1 from Kinetfe Dyntema, and a CAMAC cpate (or
the nupport  of  exinting  CAMAC modulen  which will
cont time {nounn,  Alnoe Anntalled {n the CAMAC crute in
n repinter driven PASTRUS intepfnee, the PTORT, from
CERNI N, To  date thia ayatem han  been uned ex-
clunlvely an n FALTBUS hardware devealopment
worrkent at fon,

FASTINE Jystemn

el fromteend will nlno conneet wilth a cARTBUD
mibinynt em, the traly real-time  component. of  the
nynt em, The intertaen for FASRTRIZ will e a Q' (Q-
hitn  Froceqaor berface), currently utder development
At Finetye  Nyatema,  The unit in eanent inlly the It
deatpned ot Fermiiablb] for use with Lhe DEC Infhoen,
hut  adanted  for the 22ebit wide addrena/data maltyo
plexed Q-bim,  Within the FASTBUY crate, the Interface
vontects Lo s ast ol five cuntom module  typen,
Betal b of  thene modulen  have bosn pronent el elan.
whoste( 6], and only the banle  funct fonnlity  {n
e 2ed hepe, Not e, howsyer, that the hintogram.
mingt memory modinle han uenefited from (b introduet fon
of  PUOK RAM technolopy and now each module comtalnn
Mrgaworda of bt memory,

An ot modt nentron meannrement s, Lhe (1ight time
aver  on o tixed  dength  path charneter’zen the heutron
momsntam - and in the  primavy  parameter  of &by
meaAurement | hren ol the  FARTRIR modules  are
dipreetly  dInvoalved with the time fntearval datermina.
tion, one acting an a manter elock and bwo an timecof -
flipht Atnput batter mvdulen,  The fourth moduin Lype
providesn a Limited svent proceantiige capahtlity and Lhe
lant type {n an avto.increment ing hiatogram mamory,

flluatraten the haaic daca flow of the
VASTRUS ayatem. Stepping through the cperation of the
yatem  briefly, the master clock s inftialized
hrough the hoat {r.erface, and begina counting time
hina when triggered at the lending edge of the neutron
burat  (TU). The time information and optional paral-
lel {information {ia stroted Into the time.of-flight
(TOF)  dnput buffer by a pulae from the datector
syntem. Pata 18 accumulated  in the dbuffer for the
duration of the neutron burat, At the atart of the
next. neutron  burat  the datn ia rend for a completo
frame  of eventa into the mapper procennor which com-
pactn the adata. Compaction {a accomplinhed primari)y
through  subatitutiona from a map  loaded into the
mapper procenaor through the et in“ertnce

Individunl eventa are reduced to addreanen which are
preaented  to the bulk atores module for hintoegramming .
The biatogram mnay be rend by the (ront ~end microVAX
for data monitoring or recording.

Figure 3

™e modularity of FASTIME and the flexibility of
the denign  allow the  eeperimenter to confirire the
module  net to accommodate a wlde npretcam of connd oy,
rate environmenta,  Additionnl modulen may be adided to
provide fndependent paratlel pathn from TOF baltern to
bulk atore memorien,  Should dead-time raach an unac-
coptahle lovel durding  the  opueat,  additfonal ol
iftern may bhe  fntroducsd to evedues mult ipingine ot
the TOF module, I average eount eaten anturate the
eapability of  the mapper proceanor, then add (tfonal
muppera may  share the TOF nepvies Joad, 10 the hin-
togramming  bandwiAth  hecomen the Timitatton, then nn
with the othern, more modules  can b {nntalten,
Maximum  nyntem  periovmancs {n finally limited hy the
apeed of - the  FASTIMED backplane  for inter.moadale
commung at{on,

With ECH fmplansntrt fon  of  modulen,  Fabdom
FARTMEY  data trannfern  can acl teve paten of 10 MHs,
tn our dertgnn, the block tranafer mode {p uaed sxten
ntvely  and  trannact fona bietween the mapper and ok
atore  utilize only the addeeran cycle,  Fitectively,
onl one half an mich data pannen on the bun an with
random  cyclen,  bul {t alwayn papnen tulce: ones from
bufter Lo mapper and agatn from mapper 1o bulk nlore,
Neglect ing  the  overhead  of bua arbitrat fon ant aome
actup delay tneureed once for sach bhlock tranaier, the
data  migh' he expecte’ Lo [1aw at the 10 MI: prate for
ECL Amplementationa. An mixtures of bhoth ECloand TTL,



SYSTEM DATA FLOW

Figure 3.
begina, modules are

Hchematic flow of data through the FASTRUS module set,
initialized through the computer interfnce.

Before data acquisition
nce begun,

the data flov proceeds from the master clock in the clockwise direction.

our design gonl 1is set at 5 MHz for time averaged
histogramming rates.

Design and fabrication of prototypes of the
module aet. han been completed and only the mapper
module remnina to be debugged, Since the mapper
timing remaina uncharacterized, actual ayastem perfor-
mance figures are not yet available, lUnlean more than
one bulk ntore in uaed, howover, the
rend/increment. /write cycle time, 300 nn, ia the limit-
fng  factor, A future deafgn which enablen memory
fnterleaving will eliminate this performance problem.

Rt rr performance in the TOF greatly exceeda the
denipn  mpecificontion, Pulane pnira with time apacing
an  Jow nx 20 naomay be nccepted without lona of data
{in A palr of regintera precoeding a Hli word denp FIFO,
atn then flown into thia FIFO at. {ta maximum rate, 20
Ml Data  {n removed from the bottom of the FIIFO at
10 Mite and depontited In ane of two atatic RAM frame
buftfern that toggle bhetween neutron burata, The logic
whieh monftora  the event atroben can renolve atrobe
asparation  tinen down to 10 na and thus any dend-t{mo
in exeenn of  thin  amouct can be flngged. Arnuming
Polenon atatinticen, the dead-time correction for the
highent  count. rate  of 1,7 Miz for a aingle detector
rlement,  and  for A duration of 10 ua {n lesa than
0.00%,

Hommary

To date our experienoe with the coalencing nyntem
fn very ponitive, e partft{onfng of the aynatem
Arehftocture  In perhapn {ta greateat feature: 1) datn
capture  and  hintoprameing within the excellent real-
L ime FASTIMEG envirohment  reliaven  the front.snd
compriiter from time critical functiona and theretore )
anablen the uae 1n the front -end ayatemn of a familiar
and  robual operating  asyatem (VM) not known for tte
tmproanive real.time characterintica, Final,y, 1) the
network, n  addition to providing a loonnrly coupled
aynt.em, almo allown gradual growth which matohen well
our fund ing outlook,
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